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WO 00/29632 PCT/US99/25709 
STRESS RELAXATION RESISTANT BRASS 



This invention relates to zinc-containing copper alloys (typically referred to as 
5 brass). More particularly, the resistance of brass to elevated temperature stress relaxation is 
increased by a controlled addition of alloying elements. 

Throughout this patent application, all compositions are in weight percent, unless 
otherwise specified. 

Alpha brasses, are single phase alloys of copper and zinc that contain up to 39% of 
10 zinc. The alloys are characterized by good formability, moderate strength, modest electrical 
conductivity and low cost. Their combination of strength, formability and electrical 
conductivity suit the alpha brasses for manufacture into electrical connectors used in 
appliance and automotive applications. 

A limitation on the use of alpha brasses in certain connector applications is 
15 inadequate resistance to stress relaxation when the connector operating temperature is 
significantly above room temperature (nominally, room temperature is 20°C). The 
connector operating temperature is affected by both the ambient operating temperature and 
resistance heating (I 2 R) from the electrical current carried through the connector. 

In one method of manufacturing an electrical connector, a wrought sheet of copper 

2 0 alloy is formed into a cantilever spring contact contained within a hollow box. Electrical 

continuity of a circuit between the connector's spring contact and a removable blade is 
assured when a contact force between the spring contact and the inserted blade is 
maintained at above a design minimum force. Under these conditions, the connection is 
electrically transparent. 

25 Over time, and more rapidly at elevated temperatures, stress relaxation weakens the 

contact force between the cantilever spring contact and the blade and may eventually lead to 
connector failure through an unacceptably low contact force. It is a primary objective of 
electrical connector design to maximize the contact force between the cantilever spring 
contact and the blade to maintain a good electrical conductivity path through the 

3 0 connection. 

The loss of more than 30% of the originally imposed stress (70% stress remaining) 
at the product design life (typically 3,000 hours for automotive connectors) is one 
commonly applied criterion for alloy selection*. 
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Alpha brasses such as copper alloy C240 (nominal composition 78.5%-81.5% 
copper, balance zinc) and copper alloy C260 (nominal composition 68.5%-71.5% copper, 
balance zinc) satisfy the 30% loss of originally imposed stress criterion at temperatures only 
up to about 75 °C, well below the 125°C-150°C highest anticipated service application 
temperature for a number of under-the-hood automotive applications. 

The addition of other alloying elements to an alpha brass have, typically, not led to 
an increase in stress relaxation resistance without a significant detrimental effect on other 
alloy properties, such as conductivity or formability. For example, copper alloy C688 
(nominal composition 22.7% zinc, 3.4% aluminum, 0.4% cobalt and remainder copper) has 
a 75°C application capability, the same as copper alloy C240. While copper alloy C240 has 
an electrical conductivity of 32%, copper alloy C688 has an electrical conductivity of only 
18% IACS. IACS stands for International Annealed Copper Standard and assigns "pure" 
copper an electrical conductivity value of 100% IACS at 20°C. 

_ The : addkion^oftin Jo copper alloy ^220 (nominal comppsmon_89%^9 1 % copper, 
balance zinc) forms copper alloy C425 (nominal composition 9.5% zinc, 1.8% tin, balance 
copper). Copper alloy C425 has improved stress relaxation resistance enabling the alloy to 
be formed into connectors having an application temperature of 125°C. This advantage is 
offset by a large decrease in electrical conductivity, from 44% IACS for copper alloy C220 
to 28% IACS for copper alloy C425. 

United States Patent No. 4,362,579 entitled "High-Strength-Conductivity Copper 
Alloy" by Tsuji recites a copper alloy having a combination of high strength, excellent 
electrical conductivity, corrosion resistance and spring qualities. The copper base alloy 
contains 0.4-8% nickel, 0.1-3% silicon, 10-35% zinc, concomitant impurities and the 
remainder is copper. The electrical conductivity of the disclosed alloys is relatively low, 
ranging from 19.1% IACS to 21.2% IACS. Additionally, the required addition of silicon 
typically decreases hot workability, electrical conductivity and formability. 

United States Patent No. 5,820,701 entitled "Copper Alloy and Process for 
Obtaining Same" by Bharghava discloses, in one embodiment, a copper alloy that consists 
essentially of 1.0% - 4.0% tin, 9.0% - 15.0% zinc, 0.01% - 0.2% phosphorous, 0.01% - 
0.8% iron, 0.001% - 0.5% nickel and/or cobalt and the balance essentially copper. The 
disclosed copper alloys contain a minimum of 1% of tin. 

There remains, therefore, a need for an alpha brass base alloy having an electrical 
conductivity in excess of 25% IACS and sufficient resistance to stress relaxation that a 
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connector formed from the alloy has a 3,000 hour operating life in the 125°C-150°C 
temperature regime. 

Accordingly, it is an object of the invention to provide an alpha brass base alloy with 
improved resistance to stress relaxation and an electrical conductivity in excess of 20% 
IACS. It is feature of the invention that controlled amounts of nickel, tin and phosphorus 
are added to the base alloy. Another feature of the invention is that the alloys of the 
invention are capable of forming a uniform and fully recrystallized microstructure. This 
microstructure is characterized by a very fine grain structure with a uniform dispersion of 
fine phosphide particles. 

Among the advantages of the alloys of the invention are that the alloys have good 
resistance to stress relaxation at temperatures of up to 125°C, and in certain embodiments, 
the resistance to stress relaxation is significant at temperatures of up to 150°C. Another 
advantage of the alloys of the invention is that the electrical conductivity is not significantly 
reduced below that of a non-modified alpha brass. Further, the alloys have good bend 
formability and relatively high yield strength. The alloys of the invention are particularly 
suitable for forming electrical connectors that are exposed to elevated temperature, such as 
connectors for automotive applications. 

In accordance with the invention, there is provided a modified brass alloy that 
consists essentially of from 2% to the maximum of zinc that maintains an alpha brass 
microstructure, from 0.2% to 2% of nickel, from 0.15% to 1% of tin, from 0.03% to 0.35% 
of phosphorus and the balance is copper and inevitable impurities. 

The objects, features and advantages recited above will become more apparent from 
the specification and drawings that follow. 

Figure 1 graphically illustrates a nickel to phosphorous content ratio in accordance 
with a preferred embodiment of the invention. 

Figure 2 illustrates the directionality of a rolled copper alloy strip. 

Figure 3 graphically illustrates the effect of zinc content on the electrical resistivity 
factor for zinc (in micro-ohm.cm/wt.% zinc) in a binary zinc copper alloy which is a base 
composition for the alloys of the invention. 

Figure 4 illustrates in block diagram a method for processing alloys of the invention. 

The alloys of the invention have an alpha brass base. Prior to the addition of 
alloying elements, the alloy is a mixture of copper and up to 39% of zinc. Controlled 
amounts of nickel, tin and phosphorus are added to the alpha brass base alloy. 

-3- 
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Table 1 illustrates an interaction between nickel, phosphorus and tin when added to 
copper. While the properties are recorded for a zinc -free alloy, the same interaction is 
predicted in the alpha brass base alloys of the invention. 

An addition of nickel alone, at a level of up to about 4%, has a relatively minor 
5 impact on the mechanical properties of the copper alloy and degrades electrical 

conductivity. When combined with an addition of phosphorous and tin, sufficient nickel is 
required to interact with both the phosphorus and tin. Therefore, the alloys of the invention 
contain as a minimum 0.2% of nickel. If the nickel content is excessive, electrical 
conductivity is detrimentally affected and, therefore, the maximum nickel content is limited 
10 to 2%. Preferably, the nickel content is between 0.25% and 1.5% and most preferably 
between 0.4% and 0.7%. 



T ABLE 1 

1 5 NICKEL, PHOSPHORUS, TIN CONTRIBUTIONS 

(Zinc-free Alloys, Cold Roll and Relief Anneal (150°C) Temper) 



ALLOY 


YIELD 


%IACS 


% STRESS REM. 


(plus Copper) 


STRENGTH 




150°C X 3000 hours 




MPa 


(ksi) 






1 Ni 


379 


55 


58 


36 


1 Ni - 1 Sn 


462 


67 


40 


80 


2 Ni - 2 Sn 


545 


79 


25.4 


80 


1 Ni - 0.05P 


393 


57 


60 


66 


1 Ni - 0.2 P 


462 


67 


77 


70 


0.5Ni-0.1P 


434 


63 


78 


71 


0.25 Ni - 0.25 Sn - 


441 


64 


66 


79 


0.02P 










0.5 Ni-1 Sn-O.lP 


L 510 


74 . 


47 


79 



Phosphorus reacts with the nickel to form a nickel phosphide that increases the 
20 strength of the alloy. Precipitation of nickel phosphide from the copper alloy matrix also 
leads to an increase in electrical conductivity. In the absence of nickel, a phosphorous 
addition would reduce electrical conductivity and have a minimal, if any, effect on strength. 

The strength increases as a function of the phosphorus content. Below about 0.03%, 
there is insufficient phosphorus to react with the nickel. Above about 0.35%, there is an 
25 excess of phosphorus resulting in the formation of coarse phosphides. Accordingly, the 
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phosphorus content of the alloys of the invention is between 0.03% and 0.2%. Preferably, 
the phosphorus content is between 0.05% and 0.18% and most preferably between about 
0.08% and 0.12%. 

The increase in strength, electrical conductivity and stress relaxation resistance is 
5 most effective when the ratio, by weight, of nickel to phosphorous is in the range of: 

Ni:P = 4.5:1 to 9:1 

More preferably, the ratio is in the range of 5: 1 to 7.5: 1 and most preferably about 6.75: 1. 
10 With reference to Figure 1, the composition box for the nickel and phosphorous 

content of the alloys of the invention is bounded by a minimum phosphorous content line 
100, a maximum phosphorous content line 102, a minimum nickel content line 104 and a 
maximum nickel content line 106. The preferred nickel:phosphorous ratio is bounded by 

4.5 : 1 ratio li ne 108 and 9.5:1 ratio line 110. 

Referring to both Figure 1 and Table 1, alloy X (1% Ni, 0.05% P) is outside the 
preferred composition box and has both a lower yield strength and a reduced resistance to 
stress relaxation than alloy Z (0.5% Ni, 0.1% P) which is within the composition box. 

Tin increases the strength and stress relaxation resistance of the alloy, but reduces 
electrical conductivity. Below about 0.15% of tin, the increase in strength is minimal. 
Above about 1% tin, the detrimental decrease in electrical conductivity leads to a less than 
satisfactory alloy and resistance to stress relaxation is not significantly further enhanced. 
Accordingly, the tin content of the alloys of the invention is between about 0.15% and 1%. 
Preferably, the tin content is between 0.2% and 0.7% and most preferably, the tin content is 
between 0.25% and 0.6%. 

It is a combination of nickel and tin that effectively improves the resistance of the 
alloy to elevated temperature stress relaxation. 

Zinc contributes additional strength to the alloy. By increasing the zinc content, a 
smaller cold rolling reduction to final gauge is required after the last in process anneal to 
achieve a desired strength. As a consequence, formability at a particular strength is 
enhanced with zinc present and improves further with an increasing zinc content. The effect 
of the zinc addition on the amount of cold work needed to reach 483 MPa (70 ksi) yield 
strength is recorded in Table 2. The bend formability, recorded as minimum bend radius as 
a function of thickness (MBR/t), is recorded in both the good way (gw) and bad way (bw) 
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orientation. MBR is the minimum radius of a mandrel or die about which a copper alloy 
strip can be bent to a 90° bend without introducing fracture of the outer surfaces of the 
bend. 

5 TABLE 2 

INFLUENCE OF ZINC CONTENT UPON 
REQUIRED COLD WORK AND RESULTING FORMABILITY 



ALLOY 
(plus Copper) 


% COLD 
ROLLING 


YIELD STRENGTH 
(Relief Annealed) 
MPa (ksi) 


90°MBR/t 
gw/bw 


1 Ni -0.1P 


60 


434 


63 


1.2/1.2 


0.5Ni- 1 Sn-O.lP 


60 


510 


74 


1.4/2.3 


10Zn-0.5Ni-0.3Sn-0.0. IP 


40 


483 


70 


0.3/0.3 


20Zn-0.5Ni-0.5Sn-0. 1 P 


20 


483 


70 


S/S 



S = sharp bend, MBR/t of less than 0. 1 . 



10 — — — — 

Directionality is defined with reference to Fig. 2. A sheet 10 of a desired copper 
alloy is reduced in thickness by passing through rolls 12 of a rolling mill. The copper alloy 
sheet 10 then has a longitudinal axis 14 along the rolling direction that is perpendicular to 
an axis 16 about which the rolls 12 rotate. The transverse axis 18 of the copper alloy sheet 

15 10 is perpendicular to the longitudinal axis 14. 

Spring contacts formed from the copper alloy sheet and oriented parallel to the 
rolling direction are referred to as having a good way orientation and bend movement is in 
the longitudinal direction. Spring contacts having an orientation transverse to the rolling 
direction are referred to as having a bad way orientation and bend movement is in the 

2 0 transverse direction. 

The zinc addition to the alloy significantly contributes to the successful manufacture 
of connectors formed over a smaller tool radius at a given strength. 

Increasing the zinc content decreases the thermal stability of the brasses of the 
invention as manifest by the percent stress remaining at a fixed time and temperature. With 

25 reference to Table 3, with about 10% zinc, the highest application temperature of an alloy 
analyzed as containing 10.2% zinc, 0.50% nickel, 0.30% tin, 0.10% phosphorous and the 
balance copper ("Inventive Alloy A"), using 30% of the initial stress lost criterion, is 
150°C. When the zinc content is doubled to about 20%, the highest application temperature 
of an alloy analyzed as containing 19.8% zinc, 0.5% nickel, 0.51% tin, 0. 1 1 % phosphorus 
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and the balance copper ("Inventive Alloy B") is less than 150°C, but above 125°C. As 
further illustrated in Table 3, the brasses of the invention have a thermal stability 
improvement over both copper zinc binary alloys and modified copper-zinc alloys. 

Copper alloy C5 10 is a phosphor bronze with a nominal composition by weight of 
5% tin, 0.2% phosphorous and the balance copper. C510 is presently widely used to 
manufacture appliance and automotive electrical connectors; although tin bronze alloys are 
more costly than brass alloys due to a higher metal value, zinc is less costly than both 
copper and tin. 
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The zinc content of the alloys of the invention ranges between 2% and the 
maximum zinc content that effectively maintains an alpha brass microstructure. When 
the zinc content is less than 2%, the strength benefit achieved by the zinc is minimal. If 
excess zinc is present, rather than a single phase alpha brass, a dual phase alpha plus beta 
5 brass is formed. While the a/a+p phase field boundary is about 39% for a copper/zinc 
binary alloy, the other alloying additions may function as zinc replacements and change 
the location of the a/a+p phase field boundary. Accordingly, a maximum of 35% zinc is 
. generally preferred. More preferably, the zinc content is between 5% and 25% and most 
preferably between 8% and 12%. 

10 The electrical conductivity of the copper alloys of the invention is affected by the 

zinc content. While an electrical conductivity of 20% IACS is acceptable for some 

applications, a minimum electrical conductivity of 25%- IACS is preferred, Most -— 

preferred is a minimum electrical conductivity of 35% IACS. Increasing the zinc content 
leads to a decrease in electrical conductivity. Figure 3 graphically illustrates the effect of 

15 zinc content on the resistivity (p) where: 



172.41/p = conductivity (in % IACS) 

and 

p = 1.68 + y multiplied by (Zn content in weight percent), where y is the 

2 0 resistivity factor from Figure 3. Thus, Figure 3 is used to calculate the maximum zinc 

content that may be included in the alloy for a desired electrical conductivity. 

Iron may be added to the alloy in an amount effective to increase strength up to 
about 0.25%. At an iron content above about 0.25%, the iron combines excessively with 
the phosphorous to the detriment of nickel phosphide formation. As iron phosphides do 
25 not have the same effect on resistance to stress relaxation as nickel phosphides, excess 
iron leads to a decrease in resistance to stress relaxation. Preferably, the iron content is 
less than 0.15% and most preferably, the iron content is in the range of from 0.07% to 
0.12%. 

Oxygen, sulfur and carbon may be present in the alloys of the invention in 

3 0 amounts typically found in either electrolytic (cathode) copper or remelted copper or 

brass scrap. Typically, the amount of each of these elements will be in the range of from 

-9- 
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about 2 ppm to about 50 ppm and preferably, each is present in an amount of less than 20 
ppm. 

Other additions that influence the properties of the alloy may also be included. 
Such additions include those that improve the free machinability of the alloy, such as 
bismuth, lead, tellurium, sulfur and selenium. When added to enhance free 
machinability, these additions may be present in an amount of up to 2%. Preferably, the 
total of free machinability addition is between about 0.8% and 1.5%. 

Typical impurities found in copper alloys, particularly in copper alloys formed 
from recycled or scrap copper, may be present in an amount of up to about 1%, in total. 
As a non-exclusive list, such impurities include magnesium, aluminum, silver, silicon, 
cadmium, antimony, bismuth, manganese, cobalt, germanium, arsenic, gold, platinum, 
palladium, hafnium, zirconium, indium, antimony, chromium, vanadium, t i tanium and 
beryllium. Each impurity should be present in an amount of less than 0.25%, and 
preferably in an amount of less than 0.1%. 

It should be recognized that some of the above-recited impurities, or others, in 
amounts overlapping the above specified impurity ranges, may have a beneficial effect 
on the copper alloys of the invention. For example, strength or stampability may be 
improved. This invention is intended to encompass such low level additions. 
One preferred composition for the alloy is: 
Nickel 0.25%- 1.5%; 

Tin 0.15% -0.85%; 

Phosphorous 0.033% - 0.30%; 
Copper 86.6% - 9 1 .0%; 

Zinc balance; 
Where copper plus the other named elements constitute a minimum of 99.5% of the alloy 
and the Ni:P ratio is from 4.5: 1 to 9: 1 . 

The brass alloys of the invention may be manufactured by any suitable process. 
Figure 4 schematically illustrates one exemplary process. The alloy is cast by any 
suitable process, such as commercial DC (direct chill) casting. Typically, the desired 
amounts of nickel and iron (if iron is required) are added to a molten copper stock first. 
The molten copper stock may be either a recycled copper, cathode copper or brass alloy 

-10- 
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scrap or a mixture thereof. Next, the tin is added, followed by zinc, if necessary, and 
then the more reactive phosphorous is added. 

The alloy is then cast 20 and heated for hot rolling 22. A reduction in thickness 
by hot rolling is typically on the order of from about 50% to about 99%, in thickness, and 
5 more preferably on the order of about 70% to about 80%, by thickness. Hot rolling is 

typically conducted at a temperature of from about 650°C to about 900°C. The hot rolled 
strip is optionally quenched following hot rolling. 

If the alloy was cast 20 by strip casting, then hot rolling step 22 may be omitted. 
Following hot rolling, the surfaces of the strip are milled to remove surface 
1 0 oxides. A sequence 24 of cold rolling 26 and annealing 28 may be conducted either once 
or multiple times to reduce the thickness of the copper alloy strip by in excess of 90%. 

In i one exemplary process, the strip following hot rolling has_ a thickness of about 12.7 ____ 

mm (0.5 inch) and following the sequence 24, a thickness of about 0.64 mm (0.025 
inch). 

15 Each cold rolling 26 reduction is on the order of from about 30% to about 95% 

by thickness. Annealing 28 temperature ranges from about 400°C to about 850°C for 
times of from about 10 seconds to about 5 hours. If the annealing is in the form of a bell 
anneal, the lower end of the temperature range and longer times are employed. If the 
annealing is in the form of a strip anneal, the higher end of the temperature range and 

2 0 shorter times are employed. 

Preferably, each succeeding annealing in the sequence 24 is at a slightly lower 
temperature than the preceding anneal. Sequential reduction of annealing temperature 
improves control of grain size. For example, a first anneal may be at a temperature of 
550°C, a second anneal at 525°C and a third anneal at 450°C. 

25 The microstructure after the first (550°C) anneal is refined but contains 

occasional coarse grains. These grains are eliminated by the subsequent annealing steps 
and the microstructures after the second (525 °C) and third (450°C) anneals are uniform 
and fully recrystallized with very fine grains having sizes of less than 5 micrometers 
(|im) (5 (am = 0.005 millimeter) and a uniform dispersion of fine phosphide particles that 

30 are less than 0.2 \im and typically smaller than 0.05 [im. This particulate microstructure 
is distinguished from binary copper/zinc brass alloys that are single phase alloys. 

-11- 
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After completion of the sequence 24, a final cold rolling 30 reduces the brass 
alloy strip to final thickness. For a spring contact, final strip thickness is typically on the 
order of from about 0. 13 mm (0.005 inch) to about 0.51 mm (0.02 inch). The objective 
of the final cold rolling 30 is to increase strength (temper) and constitutes a reduction, by 
5 thickness, of between about 30% and 70%, dependent on the desired final temper. 

The final cold rolling 30, that may be anywhere between a 10% and a 95% 
reduction in thickness, is selected to achieve a desired strength, following relief 
annealing 32. The amount of thickness reduction in the final cold rolling 30 depends on 
the zinc content: the higher the zinc content, the smaller the percent reduction required of 
10 the final cold rolling 30 operation. While a cold rolling reduction of between 35% and 
50% may be required for an inventive brass alloy containing about 10% zinc, a 
significantly smaller reduction, on t he ord er of 15 %-30% by thic kness reduc tion may be 
effective to provide the same level of strength to an inventive brass alloy containing 20% 
zinc. 

15 When the strip is at the desired final thickness, a relief annealing 32 at a 

temperature of between about 225°C and about 375°C for from about 1 to about 8 hours, 
for example 275°C for 6 hours. The relief annealing relieves residual stresses and 
thereby improves resistance to stress relaxation. In addition, the relief annealing 
recovers electrical conductivity and improves ductility. 

2 0 The brass alloys of the invention will be better understood from the examples that 

follow. 

EXAMPLES 

Example 1 

25 A copper alloy (designated in Table 3 as "Inventive Alloy A") having the 

composition of 10.2% zinc, 0.50% nickel, 0.30% tin, 0.10% phosphorous and the 
remainder copper was cast as a 5 kg ingot and hot rolled from around 45.7 mm (1.8 
inches) in thickness to about 12.7 mm (0.5 inch) in thickness with hot rolling starting at a 
temperature of 850°C. Following milling, the material was cold rolled to 2.5 mm (0.10 

3 0 inch) thick, annealed at 550°C for two hours, cold rolled to 1 .3 mm (0.050 inch) thick, 

annealed at 525°C for two hours, and then cold rolled to 0.64 mm (0.025 inch) thick and 
annealed at 450°C for two hours. The strip was then cold rolled to 0.38 mm (0.015 inch) 
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final thickness and a final relief anneal conducted at 275 °C for two hours. Following the 
relief anneal, the alloy had a yield strength of 483 MPa (70 ksi), a tensile strength of 510 
MPa (74 ksi) and an elongation of 9% (for a 50.8 mm (2 inch) gauge length), all 
measured at room temperature. 
5 Electrical conductivity was measured to be 36% IACS. The bends were 

evaluated by determining the minimum radius at which 90° bends could be made without 
crack development and was determined to be 0.3t in the good way and 1 .2t in the bad 
way orientations. This compares very favorably with the 0.5t for good way and 2.5t bad 
way bends for copper alloy C220 (an alloy with a similar zinc content) processed to the 

10 same strength, a yield strength of about 483 MPa (70 ksi). As noted in Table 3 above, 
the highest anticipated service application temperature, utilizing the 70% stress 
remaining criterion, for this alloy is about 150°C. 

The properties of Inventive Alloy A were compared with a number of similar 
copper alloys. As shown in Table 4, Inventive Alloy A has the best combination of 

15 resistance to stress relaxation and high conductivity with bend formability that is 
comparable to the comparative compositions. 



Table 4 



Alloy ; 


Temper 
(per 
ASTM 
B601) 


% 
IACS 


0.2% YS 
MPa (ksi) 


90° 
MBR/t 
gw 


90° 
MBR/t 
bw 


% S.R. 
125°C 


% S.R. 
150°C 


A 




36 


490 71 


0.3 


1.2 


81 


70 


C663 


HR04 


25 


558. 81 


S 


0.6 


71 


46 


C663 


HR08 


25 


662 96 


1.2 


2.5 


76 


52 


C425 


HR06 


28 


517 75 


0.3 


1 


76 


54 


C50712 




32 


586 85 


0.4 


2.0 


74 


67 


C4085 


HR06 


30 


600 87 


0.6 


1.7 


73 


53' 


C4112 2 


HR06 


40 


545 79 


S 


0.5 


NR 


59 


C439 




19 


552 80 


1.6 


2.1 


70 3 


NR 



Notes: (1) - As measured, manufacturer's literature reports 59. 
20 (2) - All values from manufacturer's literature. 

(3)- At 105°C. 
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YS - Yield stress (0.2% offset) 

% S.R. - percent stress remaining following exposure to specified 

temperature for 3000 hours. 
NR - Not reported. 
5 HR04 — Hand temper & relief anneal 
HR06 - Extra hard & RA 
HR08 - Spring temper & RA 

C663 - 10 Zn, 1.8 Sn, 1.7 Fe, 0.3P, balance Cu (US Patent No. 5,853,505). 
C50712 - 2.2 Zn, 2 Sn, 0.1 Fe, 0.03 P, balance Cu. 
10 C4085 - 2.8 Sn, 0.76 Zn, 0.1 1 Fe, 0.13 Ni, 0.02 P, balance Cu. 
C41 12 - 8.5 Zn, 0.5 Sn, 0.1 Fe, 0.1 Ni, 0.03 P, balance Cu. 
C439 - 27 Zn, 0.4 Si, 0.5 Sn, balance Cu. 

Example 2 

15 A copper alloy (designated in Table 3 as "Inventive Alloy B") having the 

composition 19^8% zinc, 0.50% nickel, 0.5 1% _tin,_0.U % ^phosphorous^and the remainder 
copper was cast as a 5 kg ingot and hot rolled from around 45.8 mm (1.8 inches) to 12.7 
mm (0.5 inch) with hot rolling starting at a temperature of 850°C. 

Following milling, the alloy was cold rolled to 2.54 mm (0.10 inch) thick and 

2 0 annealed at 550°C for two hours, cold rolled to 1 .27 mm (0.05 inch) thick and annealed 
at 525 °C for two hours and then cold rolled to 0.64 mm (0.025 inch) thick and annealed 
at 450°C for two hours. The alloy was then subjected to a final cold roll to 0.51 mm 
(0.02 inch) and a relief anneal of 275°C for two hours. The room temperature tensile 
properties obtained were a yield strength of 483 MPa (70 ksi), a tensile strength of 538 

2 5 MPa (78 ksi) and an elongation of 17% (for a 50.8 mm (2 inch) gauge length). 

The electrical conductivity was measured to be 28% IACS, equivalent to both 
copper alloys C260 and C425 and better than copper alloy C510 that has an electrical 
conductivity of 15% IACS. 

The formability as measured by the minimum radius at which 90° bends could be 

3 0 made without crack development was determined to be near zero-dimension radius 

(sharp) in both the good way and bad way orientations. This formability is better than 
that observed for either copper alloy C260 or copper alloy C425 when at comparable 
strength. For comparison, copper alloy C510 in the hard, relief anneal temper, that also 
has a yield strength of between 483 and 517 MPa (70 and 75 ksi), typically has a 90° 
35 minimum bend radius of sharp in the good way but 0.8t in the bad way. 
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As recorded in Table 3, the highest anticipated service application temperature, 
based on 30% stress lost, is in excess of 125°C, but below 150°C. 

It is apparent that there has been provided in accordance with this invention a 
brass alloy that fully satisfies the objects, means and advantages set forth hereinabove. 
While the invention has been described in combination with embodiments thereof, it is 
evident that many alternatives, modifications and variations will be apparent to those 
skilled in the art in light of the foregoing description. Accordingly, it is intended to 
embrace all such alternatives, modifications and variations as fall within the spirit and 
broad scope of the appended claims. 
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IN THE CLAIMS : 

L A brass alloy, consisting, by weight, essentially of: 

from 2% to the maximum that maintains an alpha brass microstructure of 

5 zinc; 

from 0.2% to 2% nickel; 

from 0.15% to 1% tin; 

from 0.03% to 0.35% phosphorous; and 

the balance copper and inevitable impurities. 

10 

2. The brass alloy of claim 1 characterized in that said zinc is present in an 
amount of from 8% to 25%. 



3. The brass alloy of claim 2, consisting, by weight, essentially of: 
15 from 8% to 25% zinc; 

from 0.2% to 2% nickel; 

from 0.15% to 1% tin; 

from 0.22% to 0.44% phosphorous; and 

the balance copper and inevitable impurities with a nickehphosphorous 
2 0 weight ratio of between 4.5: 1 and 9: 1 . 

4. The brass alloy of claim 3 characterized in that the nickekphosphorous 
weight ratio is between 5:1 and 7.5:1. 

25 5. The brass alloy of claim 4 further characterized in that said brass alloy 

includes between 0.07% and 0.25% of iron. 

6. The brass alloy of claim 3 characterized in that said zinc is present in an 
amount of from 8% to 12%. 
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7. The brass alloy of claim 6 characterized in that said brass alloy has a 
composition of: nickel 0.25%- 1.50%; 

tin 0.15% -0.85%; 

phosphorous 0.33% - 0.30%; 
5 copper 86.6% - 91.0%; and 

zinc balance. 



8. An electrical connector having a conductivity equal to or greater than 
25% IACS and a resistance to stress relaxation at least a 125°C operating temperature 

1 0 formed from the brass alloy of any one of claims 1 through 7 in a relief anneal temper. 

9. The electrical connector of claim 8 having a conductivity equal to or 
greater than 35% IACS and a resistance to stress relaxation at least a 125°C operating 
temperature formed from the brass alloy of claim 7 in a relief anneal temper. 

15 

10. A process for the manufacture of a copper alloy strip having an electrical 
conductivity in excess of 20% IACS and resistance to stress relaxation at a 125°C 
operating temperature, characterized by the steps of: 

casting (20) a copper alloy consisting essentially of 8%-25% zinc, 0.3%- 1% 
2 0 nickel, 0.2%-0.7% tin, 0.05 %-0. 1 8% phosphorous and the balance copper an inevitable 
impurities; 

hot rolling (22) said copper alloy to form said copper alloy strip at a temperature 
in excess of 650°C for a thickness reduction of between 50% and 99%, in thickness; 
repeating the sequence (24) of cold rolling (26) followed by annealing (28) 

2 5 multiple times wherein each cold rolling (26) step provides said copper alloy strip with a 

thickness reduction of between 30% and 95%, in thickness, and each sequential 
annealing (28) temperature is between 400°C and 600°C; 

cold rolling (30) said copper alloy strip to final strip thickness by a reduction of 
between 30% and 70%, by thickness; and 

3 0 relief annealing (32) said copper alloy strip at a temperature of between 200°C 

and 350°C. 
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11. The process of claim 10 characterized in that each successive one of said 
sequential annealing (28) temperatures is less than an immediately preceding one of said 
sequential annealing (28) temperatures. 

5 12. The process of claim 1 1 characterized in that said step of cold rolling (30) 

to final thickness includes reducing the thickness of said copper alloy strip to within the 
range of 0.13 mm and 0.51 mm (0.005 inch and 0.02 inch). 

13. The process of claim 12 characterized in that said copper alloy strip at 
10 final gauge (15) formed into an electrical conductor. 
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